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Shock waves have been applied to medicine for quite some time, in particular extracorporeal lithotripsy has 
become an indispensable method for treatment ofkidney and bladder stones. New applications of shock waves to 
medicine are proposed, for example for treatment of cancer cells through the process of hyperthermia, for drug 
delivery using ballistic principles, or for revascularization of cerebral thrombosis. 
Shock wave propagation through biological tissue is a very complex problem, because of the complexity ofthe 
medium of shock propagation. For experimental studies, biological tissue is modeled by water, because it is the 
main component of the tissue. Shock wave interactions with human tissues are a crucial research topic to resolve 
and to predict tissue response to shock exposures; hence we need to collect data on the physical properties of 
humau tissues against shock exposures. 
Our research prop~ses a new method for determining the equation of state (EOS) for liquids that pan represent 
human tissue. The present wor.k establishes a method for measuring the speed of propagation of shock waves in 
transparent and semi-transparent liquids. Iil measuring the shock speed, other properties of shocked liquids, for 
example, pressures, particle velocity, density ratios, and others are obtained. Pressures were evaluated from shock 
speed measurements and eross-checked with shock overpressures measured with pressure transducers. This 
researeh continues the tradition of determining the EOS empirically. Firstly, experiments were conducted in water 
and the obtained results were compared with previously published works. Once the technique has been proven to 
show good results, we proeeeded with measurements in four different liquids, sodium chloride aqueous solution 
(at I O wi o/o and 20 wi o/.), sucrose aqueous solution (10 wi o/o and 20 wi O/o), gelatin aqueous solution (1 O wi o/o 
and 20 wt o/a), and castor oil. 
Measurement method is based on the time of flight principle. Light beams are placed parallel in a known distance 
ffom each other and collected by fast responding photodetecting instruments. An underwater-generated shock 
wave will propagate and reach the position where these beams are, causing their deflections. This results in a 
sharp decrease of light intensity on the deteeting instruments, designating the time of the arrival of the shock wave. 
This moment is determined quite accurately experimentally, if the light beams are focused and the shock front 
arrives at the point where the focused beam waist is the smallest. The other parameter to be determined is the 
distance between the light beams. This is done by generating an acoustic wave inside water by optical breakdown 
far from the test section and recording the time it takes for the sound wave to cross the beams. The sound speed in 
water and castcr oil is determined by an experimental method called laser induced thennal acoustics (LITA). 
LITA is an optical technique that makes use oftwo phenomena: first, two pulsed laser beams are made to intersect 
and generate a transient interference grating. This gratin~ evolves with time, inducing an acoustic wave in the 
medium of its propagation. In the second part, the grating is probed by a continuous beam. The grating will cause 
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Fig.2 Shock-Hugoniot relation for the liquids that represent human tissue (water, I O and 200/0 wi aqueous 
solutions or sodium chioride, sucrose and gelatine, and castor oil), 
Material prJ[k m ~ co [kin/s] 
/~ 
Water 
1 Oo/o NaCl 
200/0 NaCl 
1 Oo/o sucrose 
200/0 sucrose 
1 Oo/o gelatin 
200/0 ge]atin 
Castor oil 
lOOO 
1 07 1 
1148 
1038 
1082 
1030 
1030 
969 
1 .45 
1 .48 
1 .53 
1.50 
1.51 
1 .55 
1 .57 
1.61 
7.55 
6.85 
6.77 
7.21 
7.06 
6.84 
6.82 
9.94 
Table 1. Results ofTait EOS parameter determination from shock speed measurement. 
In conclusion, this work has shown the following results: 
(1) LITA was initially applied to determine a temperature enhancement behind underwater shock waves, which 
were created by underwater micro-explosions. The temperature so far detected was not such high to exceed the 
obser¥'atlon errors. This observation was well backed up with a reported result collected by means of laser 
fluorescence light method, that is, even at higher pressures than those understudy in this thesis, temperature 
increase is not more than a few degrees. LITA was then applied to successfully measure sound speed in liquids. 
(2) A shock wave diaganostic method was developed in which unique underwater micro-shock waves were created 
by explosion of I O mg silver azide pellet and overpressures behind underwater blast waves were measured by 
using optical fiber probe pressure transducer. From shock overpressure-velocity data. EOS for water was 
successfuily deduced. 
(3) Using the process of deducing equations of states in water from underwater blast wave measurements, we 
detennined the equations of state in sodium chloride aqueous solution, sucrose aqueous solution and 10 olo and 
20 o/o gelatin solutions, and caster oil. In the case of 100/0 gelatin solution, the present result was compared with 
the EOS obtained in isothernlal compression and other pubiished data. The agreement was satisfaetory. 
Increasing additives to water caused a decrease in the compressibility ofthe solution. This difference was more 
pronounced in the case of sodium chloride, less for gelatin, and none for sucrose. 
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